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Graphene-based materials have been full of vigor and tremendous potentiality for application in su-
percapacitors due to its variety of unique properties such as electronic properties, simple synthesis, etc.
In developing new macroscopic nanostructured graphene materials for supercapacitors, considerable
efforts have been made by the scientist including our research group. In this account, we describe our
development of the construction of the assembled graphene especially ﬁber and foam, which have great
potential in addressing the challenges in the synthesis of graphene-based electrode materials for su-
percapacitors. As the supercapacitors are reviewed in this article, they are accordant with the rapid
development of ﬂexible, lightweight, and wearable-electronic devices, overcoming the major some
drawbacks of conventional bulk supercapacitors. We hope that this summary will beneﬁt the further
research of graphene-based materials for the applications in electrochemical energy storage devices and
beyond.
& 2016 Chinese Materials Research Society. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Graphene, with large speciﬁc surface area, high intrinsic carrier
mobility [1–3], strong mechanical strength [4], and superior ﬂex-
ibility [5], has shown a wide range of promising application [6–13].
Notably, its exceptional properties qualify graphene as super-
capacitor electrode material which has caused extensive research
enthusiasm in the past few years of clean energy devices [14].
Recent years, energy source and environment has become one
of the most severe problems in the world. The clean and renew-
able energy shows its more signiﬁcant role in future and have
attracted increasing research interest. Supercapacitors, with char-
acteristics of fast charging and discharging, high power density,
long cycle life, are supposed to be a promising candidate for al-
ternative energy storage devices. High effective utilization of su-
percapacitors has positive effects on solving energy and environ-
ment problems [15–17].
Supercapacitors can be divided into electrochemical double-
layer capacitors (EDLCs) and pseudo-capacitors on the basis of the
different energy storage mechanisms. EDLCs where the speciﬁc
surface area, electrical conductivity, and pore size and distribution
are essential elements to achieve high performance absorb both
anions and cations to store energy. In EDLCs, for example, carbon
nanotubes (CNTs) [18] belong to porous carbon materials havey. Production and hosting by Elsev
, lqu@bit.edu.cn (L. Qu).
als Research Society.been served as electrodes. Surface redox reaction is the reaction
principle of pseudo-capacitors to store energy in comparison to
EDLCs [19]. Electroactive materials [20] which belong to pseudo-
capacitors have been widely explored. Moreover, graphene-based
materials play an important part in supercapacitor owing to the
beneﬁcial combination of some excellent features [21–23]. How-
ever, the application of two dimensional (2D) pristine graphene
sheets directly as practical electrode materials is low efﬁciency to
store energy. There are two basic reasons of poor efﬁciency. One is
the strong van der Waals between two apposed graphene layers
the other is π–π stacking interactions to make the graphene sheets
aggregate easily [24]. Hence, 2D graphene sheets as building
blocks is converted into advanced materials with designed su-
perstructures and functions [12,24–30], which is the optimum
growth of graphene. In other words, it is still a problem to be
solved that how to transform the micro structure and properties of
graphene into macroscopic graphene materials. To avoid the lim-
itations mentioned above, chemists including us have designed
and developed some methods in the past period to provide efﬁ-
cient ways for the construction of graphene systems. As the typical
assembled graphene materials, graphene ﬁber (GFb) has the
merits of ﬂexibility, lightweight, and knitability, while graphene
foam (GFm) has the advantages of lightweight, high speciﬁc sur-
face area, and preventing aggregation. In this review, we sum-
marized our recent advances of assembled graphene ﬁber and
foam in supercapacitors, including synthesis methods and appli-
cations. Naturally, it has guiding signiﬁcance to the future study of
the assembled graphene.ier B.V. This is an open access article under the CC BY-NC-ND license
J. Li et al. / Progress in Natural Science: Materials International 26 (2016) 212–220 2132. Assembly of graphene
2.1. Assembly of graphene ﬁber
Carbon-based ﬁbers are an essential part in our daily life be-
cause of their light weight, high mechanical strength and en-
vironmental stability. Meanwhile, graphenes possess outstanding
features, and therefore, they have been applied in supercapacitor.
Furthermore, assembled GFb that are the combination of the two
are promising as new types of ﬂexible building blocks for the
construction of wearable architectures and devices, especially su-
percapacitors [31]. However, it is difﬁcult to assemble 2D micro-
scopic graphene sheets into macro 1D ﬁbers because the poor
dispersibility and irregular size/shape of microscopic grapheneFig. 1. (a) SEM images of a GF@3D-G (b) Cross-section view of a GFb@3D-G (reprinted wi
Gb and (d) 3D structures of GFb (reprinted with permission from Ref. [5]. Copyright 2012
permission from Ref. [28]. Copyright 2013 Wiley-VCH).sheets seriously obstructed the formation of high-quality gra-
phene ﬁbers. Targeted at these problems, Li et al. ﬁrst reported
that a ﬂat CVD-grown graphene sheet on an ethanol surface to
form a ﬁber-like structure [32] (as opposed to planar conﬁguration
when it was placed on the water surface). It shows excellent
electrical conductivity of 1000 S m1. Later, Xu and Gao used a
wet-spinning technique to prepare GO ﬁbers [33] The reduced
graphene ﬁber was obtained and possessed high conductivity of
2.5104 S m1. In this regard, the methods of hydrothermal as-
sembly and wet spinning of aqueous GO suspension were devel-
oped to fabricate GFb recently by our groups [5,34,35].
As a recent achievement, a core of GFb is covered with a sheath
of 3D porous network-like graphene framework to fabricate a
unique all-graphene core–sheath ﬁber (Fig. 1a and b). With theth permission from Ref. [28] Copyright 2013 Wiley-VCH). (c) The planar structures of
Wiley-VCH). (e) CV curves of GFb@3D-G under different scan rates (reprinted with
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which is expressed as GF@3D-G can show mechanical ﬂexibility
and high conductivity, thus giving great merits as a ﬂexible elec-
trode material for ﬁber-based supercapacitors [28]. Herein, the
ﬂexible GFb were fabricated by hydrothermal strategy and were
reported in our previous paper. The preparation process as fol-
lows: the aqueous GO suspension (8 mg mL1) was injected into a
400 mmwide glass pipeline which was used as the reactor. Finally,
highly ﬂexible and arbitrarily shapeable graphene ﬁbers matching
the pipe geometry was obtained [5] as shown in Fig. 1c and d. As a
result, GFb@3D-G show an electrical conductivity (about
10–20 S cm1). The conductivity of GFb@3D-G is higher than that
of GFb (ca. 10 S cm1). In addition, the cyclic voltammetry (CV)
response of a single GFb@3D-G ﬁber in a three-electrode electro-
chemical cell was investigate with the aim of testing the electro-
chemical performance of GFb@3D-G (Fig. 1e). In contrast to pure
GFb, the porous GFb@3D-G show the effective ion transport to
determine ideal capacitive behavior.
Based on the above work, Chen et al. developed a novel hybrid
ﬁber of MnO2-modiﬁed graphene on GFb (MnO2/graphene/GFb).
The core-sheath graphene on GFb was formed ﬁrstly, and then the
MnO2 nanostructure was deposited onto the graphene/GFb [36].
Manganese oxide (MnOx), a signiﬁcant transition metal oxide, is
widely applied in the many ﬁeld, such as supercapacitors [37,38],
which are interested universally. MnO2 has many typical features,
including low-cost, high performance capacitance and environ-
mental friendliness. Therefore, MnO2 is considered to be one of the
most promising electrode material for electrochemical super-
capacitors [39,40]. The morphology change from the primary GFb
(Fig. 2a) to the interpenetrating networks were assembled on GFb
(Fig. 2b), and ﬁnally to the deposition of MnO2 on G/GFb which is
served as conductive scaffold as shown in the SEM image (Fig. 2c).
In view of low speciﬁc surface area, the GFb itself cannot
achieve high capacitance. Apart from transition metal oxides
MnO2, conducting polymers which can improve the performance
of supercapacitor have been researched [41–43]. Due to the high
speciﬁc capacitance, high electrical conductivity, and facileFig. 2. SEM images of (a) GFb, (b) graphene/GFb, and (c) MnO2/graphene/GFb (reprint
distorted G/PPy ﬁber (reprinted with permission from Ref. [46]. Copyright 2014 Royal So
ﬁbers. (g) Fabrication scheme of CNT/graphene ﬁbers (reprinted with permission fromsynthesis, polypyrrole (PPy) is a rising star of electrode materials
in supercapacitors [44,45].
Another example for the preparation of GFb is the direct wet
spinning strategy. Ding et al. used this method for continuously
producing graphene/polypyrrole (G/PPy) ﬁbers, which exhibits
good ﬂexibility (Fig. 2d) [46]. The direct spinning of conductive G/
PPy ﬁbers is shown in Fig. 2e. In the FeCl3 solution, GO/PPy ﬁber
only needs to grow 5 s to reach a length of 0.5 m (Fig. 2f). The GO/
PPy ﬁber with a diameter range from 15 to 80 mm could be de-
termined by the concentration of GO and the diameter of the
needle of capillary spinneret. Finally, the graphene/PPy ﬁbers can
be obtained through HI treatment.
In other attempts, ﬂexible ﬁber capacitors with other interest-
ing hybrid structures were also designed. The synthesis of 1D
macroscopic carbon nanotube/graphene (CNT/G) hybrid ﬁbers by
directly growing CNTs along GFb with Fe3O4 nanoparticles as
catalysts for chemical vapor deposition (CVD) of the carbon na-
notubes (Fig. 2g) [47]. As a consequence, the relatively large spe-
ciﬁc surface area of the CNT/G ﬁbers (ca. 79.5 m2 g1) and a high
electrical conductivity (12 S cm1) were observed. Besides,
some of such 2D and 3D hybrid structures have been reported as
transparent conductors [48] and electrode materials for super-
capacitors [49].
2.2. Assembly of graphene foam
Assembled graphene foam (or aerogel, etc.), is stacked by large-
sized monolithic materials to obtain a tunable hierarchical mor-
phology with high surface areas. Exactly, the high porosity, light
weight, and high conductivity make graphene foam as one at-
tractive candidate for supercapacitor electrode materials. In this
respect, we develop a versatile, N-doped, ultralight three dimen-
sional (3D) GFm (less than 10 mg cm3) as shown in Fig. 3a and b,
combining the unique 3D porous structure of few-layer graphenes
which maximizes the exposure of their surfaces to electrolyte with
effective N-doping to further enhance the capacitance perfor-
mance [25]. Notably, the capacitor maintained a high speciﬁced with permission from Ref. [36]. Copyright 2013 Elsevier B.V.). (d) A photo of a
ciety of Chemistry). (e) Photo of GO/PPy ﬁbers. (f) Photo of the directly spun GO/PPy
Ref. [47]. Copyright 2013 Royal Society of Chemistry).
Fig. 3. (a) Photographs of GFm. (b) A piece of GFm on a dandelion. (c) The electrochemical stability of N-doped GFm (reprinted with permission from Ref. [25]. Copyright
2012 Wiley-VCH). (d) Photograph of g-C3N4@G. (e) Photographs of as-prepared normal 3D GFm, 3D G (Py) and 3D PPy-G (from left to right) (reprinted with permission from
Ref. [26]. Copyright 2013 Wiley-VCH). (f) Progress on preparation of 3D g-C3N4@G (reprinted with permission from Ref. [50]. Copyright 2015 Royal Society of Chemistry).
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3D GFm, we also have designed a unique strategy by pre-mixing
pyrrole monomer with homogeneous GO aqueous for hydro-
thermal production of Py-containing 3D GFm, which was denotedFig. 4. (a) Preparation of CQD and CQD-free aerogels. The SEM images of the CQD-free
IOP). (d) Schematic of preparation of the GQD-3DG composite material. (e) I–V charac
Copyright 2014 the Owner Societies)as 3D G (Py). The hydrothermally produced 3D G (Py) subse-
quently acted as the working electrode for electro-polymerization
of Py to form a 3D PPy-GFm (Fig. 3e). To our delight, foam-like
structures with high porosity, ﬂexibility, and robustness under(b) and CQD (c) aerogels (reprinted with permission from Ref. [49]. Copyright 2014
teristics of the 3DG and GQD-3DG-10h (reprinted with permission from Ref. [27].
Fig. 5. Photographs of the G/Fe3O4 ﬁber fabric (a) and the CNT/G ﬁber fabric (b). (c) Schematic illustration of a ﬂexible supercapacitor. Photos of supercapacitor at different
state (d and e) (reprinted with permission from Ref. [47]. Copyright 2014 Royal Society of Chemistry). (f) Schematic illustration of fabricate supercapacitor by using GF@3D-
Gs (reprinted with permission from Ref. [47]. Copyright 2013 Royal Society of Chemistry). G/PPy ﬁber supercapacitor is ﬂexible (h and i). The mechanical stability of the G/
PPY ﬁber supercapacitor (j and k) (reprinted with permission from Ref. [46]. Copyright 2014 Royal Society of Chemistry).
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tolerant electrode materials for fabrication of compressible su-
percapacitors. The speciﬁc capacitance of the ﬂexible graphene can
be enhanced by PPy. We demonstrated the concept of compres-
sible supercapacitor based on PPy-G foam for the ﬁrst time [26].
The freeze-dried 3D PPy-G had the SSA of 144 m2 g1 and an
electrical conductivity of about 3103 S m1. In the course of our
studies, Chen et al. reported that three-dimensional graphitic
carbon nitride functionalized graphene composites (g-C3N4@G)
(Fig. 3d) were grown using a simple one-step hydrothermal re-
duction (Fig. 3f). This material is combinated with graphitic carbon
nitride (g-C3N4), which is a 2D graphite-like structure with gra-
phene. It has two advantages in this composites, one is graphene
can improve the conductivity and electrocatalytic performance of
g-C3N4, and the other is g-C3N4 can decrease the aggregation of
graphene [50]. The conductivity of g-C3N4@G (0.38 S m1) is
comparable to the pristine graphene (0.35 S m1).
The study of using pure carbon additives to signiﬁcantly boost
the capacitive property of the 3D carbon matrix has been reported
rarely. Lv et al. have recently prepared a 3D carbon quantum dot
(CQD) aerogel (Fig. 4a), demonstrating basic carbon building
blocks, such as CQDs, can assist in constructing highly-capacitive
3D all-carbon frameworks. The supercapacitor based on the CQD
aerogel (Fig. 4b) showed speciﬁc capacitance values of as high as
294.7 F g1 in comparison to CQD-free aerogel (Fig. 4c) as elec-
trode material. The experimental results prove that, to employ
CQDs as an effective component in supercapacitors fabricated from
other materials such as graphene, carbon nanotubes can bolster
the capacitance properties [51]. Then, considering the advantages
of the 3D GFm (3DG) and GQDs, Chen et al. have successfully as-
sembled the GQDs on the 3DG electrodes by a benign electro-
chemical method (Fig. 4d). GQD-3DG-10h with optimized GQD
deposition time of 10 h, showing the conductivity of 3.7 S m1
(nearly 10 times more than conductivity of 0.35 S m1 for 3DG)[27] (Fig. 4e). We also reported other novel graphene based elec-
trode materials, including carbonized graphene-ZIF (Well-inter-
grown nanocrystals of zeolitic imidazolate framework) composites
[52], super-long carbon nanotubes and polypyrrole composite
[53], carbonized cotton-mats (CCMs) [54] and carbon nanotube–
nanopipe composite [55].3. Assembled graphene for supercapacitors
3.1. Assembled graphene ﬁber for supercapacitors
For applications in electric or hybrid vehicles and auxiliary
power sources, conventional supercapacitors are heavy and bulky.
However, the development of high-efﬁciency miniaturized super-
capacitor devices that are compatible with ﬂexible and wearable
electronics is lacking. Fiber-type supercapacitors with structural
advantage for direct use as fabrics in textile electronics will be
more favorable for construction of ﬂexible and wearable electro-
nics than ﬁlm- and bulk-based supercapacitors. Further, GFb not
only have high strength and electrical conductivities but also
maintain the basic characteristics of ﬁbers such as mechanical
ﬂexibility, light weight and ease for use in fabrics [5]. For example,
Cheng et al. prepared a ﬂexible fabric of CNT/G ﬁbers. It can be
used as electrodes to construct the ﬂexible supercapacitors [47]. It
is difﬁcult, if not impossible, to directly knit CNT/G ﬁbers into
fabric because of the rough surface of the individual CNT/GFb. In
this case, they knitted the fabric from G/Fe3O4 ﬁbers (Fig. 5a)
ﬁrstly. In this ﬂexible supercapacitor (Fig. 5c), the supporting
substrate and current collector is a thin polyethylene terephthalate
coated with Au. A ﬁlter paper soaked with 1 M Na2SO4 aqueous
electrolyte was used as separator. The supercapacitor using the
CNT/GFb textiles as electrodes could light a commercial LED either
in the ﬂat or bended state, though the charge voltage was only
J. Li et al. / Progress in Natural Science: Materials International 26 (2016) 212–220 2170.6 V (Fig. 5d and e).
Some all-solid-state ﬁber supercapacitors were reported by Qu
group. The all-solid-state ﬁber consists of two intertwined elec-
trodes. They are solidiﬁed in H2SO4-PVA gel electrolyte. Similarly,
Meng et al. ﬁrst fabricated an all graphene core-sheath ﬁber su-
percapacitor (Fig. 5f), the area-speciﬁc capacitance is
1.2–1.7 mF cm2 [28]. Then MnO2/graphene/GFb capacitor which
is the combination of EDL capacitance of graphene network with
the pseudocapacitance of MnO2 nanostructures shows the much
enhanced electrochemical capacitive behaviors. The symmetrical
solid supercapacitor of two intertwined MnO2/graphene/GFb
shows an area-speciﬁc capacitance of 9.1–9.6 mF cm2, which far
exceeds that of all graphene core-sheath ﬁber supercapacitors by
introduction of the electrochemically active MnO2 component. The
performance of the MnO2/graphene/GFb capacitor remains un-
changed response with a stable capacitance after 1000 cyclesFig. 6. (a) Formation of RGO-GO-RGO ﬁber by laser reduction. (b) The optical image
(d) Scheme of the ﬁber capacitor in the bending state. (e) The capacitance ratio of the be
Society of Chemistry). (f) Area speciﬁc capacitances under different conditions. The equi
manners, respectively. (i) Digital photo of the woven RGO–GO ﬁbers. (j) Electrochemical s
2015 Royal Society of Chemistry).(Fig. 5g), which is promising for wearable electronics [36]. Not
only is that, conducting polymers (PPy) was also incorporated in
solid supercapacitor to form G/PPy ﬁber capacitor. The super-
capacitor maintains good ﬁber shape (Fig. 5h) and exhibits ex-
cellent ﬂexibility (Fig. 5i). A highly ﬂexible all-solid-state G/PPy
ﬁber supercapacitor exhibits high electrochemical capacitance of
up to 100 mF cm2. Additionally, the ﬁber supercapacitor main-
tains a stable capacitance no matter whether in the bending
(Fig. 5j) or straight (Fig. 5k) status even after 1000 cycles, in-
dicating the excellent stability of the G/PPy supercapacitor under
deformation. It also offers new opportunities for the development
of high-performance ﬂexible energy storage devices such as por-
table and wearable electronics [46].
At present, both conventional supercapacitors and ﬁber-based
ones are usually assembled by two isolated electrodes full of
electrolyte. Two twisted ﬁber electrodes not only increase theof the RGO–GO–RGO ﬁber. (c) Representation of the structure of supercapacitor.
nt and initial state (reprinted with permission from Ref. [29]. Copyright 2014 Royal
valent circuit, electronic schematic diagram in serial (g) and parallel (h) connecting
tability (k) Mechanical stability (reprinted with permission from Ref. [58]. Copyright
J. Li et al. / Progress in Natural Science: Materials International 26 (2016) 212–220218contact resistance but also make the production process compli-
cated, limiting the large-scale integration in the recent develop-
ment of portable electronic. And, given that, several researchers
have reviewed unconventional types of on-wire [56] or in-ﬁber
[57]. Herein, Hu et al. have fabricated an all-in-one GFb super-
capacitor, in which rationally integrating the two electrodes and
the separator on a single GFb [29]. One of the big advantages is
that no extra bonding agent and assembling process are involved
and the device is built on a GFb itself. A reduced GO– GO–reduced
GO (RGO–GO–RGO) conﬁguration was facilely realized by the
controllable laser reduction of GO ﬁber (Fig. 6a). RGO parts which
act as the active electrode materials and electric collectors had an
approximate width of 1/4 ﬁber perimeter along the surface. Ac-
cordingly, the remaining GO part is used to separate RGO layers
(Fig. 6b). Ultimately, a ﬁber capacitor was achieved when two gold
sheets were contacted with the RGO parts and connected with the
external circuit (Fig. 6c). This all-in-one ﬁber supercapacitor is
ﬂexible (Fig. 6d) and stable (Fig. 6e). In a further effort, Liang et al.
proposed a novel bamboo-like series of in-ﬁber graphene super-
capacitors. Direct laser writing as the quick-making method isFig. 7. (a) The representation of the compression-recovery processes of 3D graphene–po
devices (reprinted with permission from Ref. [26]. Copyright 2013 Wiley-VCH). (d) The
Copyright 2015 Royal Society of Chemistry). (e) The stablity of GQD–3DG–10h compositused to fabricate supercapacitors [58]. A single device unit could
reach a high capacitance of 14.3 mF cm2. And under certain hu-
midity, the RGO–GO alternate ﬁbers could be the electrolyte-free
ﬁber supercapacitor, which was caused by the hydrogen bond
formed by water molecules and GO. Meanwhile, the higher value
of RH, the higher value of capacitance is (Fig. 6f). Besides, different
capacitive performances of the series of in-ﬁber graphene super-
capacitors can be fulﬁlled by changing the connection modes of
the device units in serial (Fig. 6g) or parallel manners (Fig. 6h).
What is more, the prepared ﬁbers were woven into a network
structure (Fig. 6i), exhibiting stable and repeatable electrochemical
(Fig. 6j) and mechanical performance (Fig. 6k). All results point to
the fact that these series of in-ﬁber supercapacitors have a great
space to improve in wearable electronic devices.
3.2. Assembled graphene foam for supercapacitors
The graphene foam macrostructures generally are character-
ized by an interconnected network with mesopores in nanometers
and ordered channels in micrometers, which enable the easylypyrrole matrix. (b and c) Schematic and stability of PPy–GFm based supercapacitor
stablity of the g-C3N4@G supercapacitor (reprinted with permission from Ref. [50].
e (reprinted with permission from Ref. [27]. Copyright 2014 the Owner Societies).
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porous structures. In the meantime, assembled graphene foam
possess large surface area, beneﬁting the load of more electrode
active materials and ensuring full use of the active materials to
improve the performance of the charge storage for super-
capacitors. For example, it was found that the combination of 3D
GFm with the effective N-doping could exhibit a high speciﬁc ca-
pacitance of 484 F g1 [25].
Using a component of graphene/PPy to obtain better perfor-
mance, high stability and strong durability of supercapacitor
electrode materials have been extensively reviewed by several
researchers [59–61]. Qu group further use PPy-GFm to fabricate
deformation-tolerant supercapacitors. As the development of
ﬂexible, lightweight, and wearable-electronic devices, it has been
acquired many advances in the study of stretchable super-
capacitors [62,63], which possess high electrochemical capaci-
tance performances even during mechanical stretch. A highly
compression-tolerant graphene-based supercapacitor was ob-
tained ﬁnally. The compressible performance is expressed as fol-
lows: it could sustain large-strain deformations and recover within
seconds (Fig. 7a). Meanwhile, Zhao et al. use PPy-GFm as electrode
materials to assemble a compressible [26] (Fig. 7b). As the ex-
perimental results suggested, the prepared supercapacitor is stable
enough (Fig. 7c).
Additionally, Chen et al. have reported that the as-prepared 3D
graphitic carbon nitride functionalized graphene composites
(g-C3N4@G) can achieve a high speciﬁc capacitance of 264 F g1
(Fig. 7d), standing for a more than 75% performance increase
compared to the pristine GFm (152 F g1) [50]. Similarly, Chen
et al. also designed the supercapacitor fabricated from the GQD–
3D GFm composite [27], with a high capacitance of 268 F g1
(Fig. 7e), which is among the best values reported for super-
capacitors based on 3D graphene or graphene–metal oxide com-
posites [64].4. Conclusion and outlook
With the recent boom for the development of portable, ﬂexible,
and wearable-electronic devices, graphene based materials have
attracted tremendous research interests in energy storage devices,
especially supercapacitors. Based on our research for assembly of
GFb and GFm macroscopic materials, it can be concluded that
graphene based materials are indeed one of the most promising
candidates for the application of supercapacitors. Nevertheless,
there are still challenges and opportunities to inspire us and other
scientists to further efforts. First, there are still no eco-friendly
techniques to meet requirements for the preparation of large-scale
and high-quality graphene-based materials. For example, gra-
phene ﬁbers are mainly assembled from graphene or GO na-
nosheets with uncertain sizes, defects, shapes and chemical
compositions, strongly affecting the assembly process and thus
determining all the aspects of GFb and GFm properties. Second,
more stress should be placed on the ﬂexibility, stretchability, and
compressibility for wearable-electronic products. Last, more
functional components can be developed for preparation of gra-
phene-based composites to enlarge the scopes of applications.
Owing to increasing amount of contribution, graphene based
materials will have broad prospects in supercapacitors and other
green energy devices.Acknowledgment
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